This investigation examined the effectiveness of a computer program in teaching sight word recognition to four young children with developmental disabilities. The intervention program was developed through a formative evaluation process. It embedded a constant-time-delay procedure and involved sounds, video, text, and animations. Dependent measures were the percentage of correct responses during full and daily probe conditions. A multiple probe design across four word sets, replicated by four participants, was employed to evaluate the effectiveness of the program. Findings indicate that all children acquired the target words. They also learned incidental information (i.e., word definition) presented in an antecedent event and generalized sight word recognition across modes and materials.
Technology provides students with a new way to learn. Students' access to computers has increased vastly within the last decade (Wilson, Majsterek, & Simmons, 1996) , and the cost of hardware and software has dropped due to technological advances. As the number of computers in classrooms increases, researchers and educators have continuously questioned the effectiveness and the proper use of computers to teach children with disabilities. Educators advocate computer-assisted instruction (CAI) because it is effective, saves teachers' instruction or preparation time, and increases students' self-esteem (Bahr, & Rieth, 1989; Ford, Poe, & Cox, 1993; Schery & O'Conner, 1992) . Most of the studies on CAI have focused on traditional computer programs. These traditional programs are more likely presented in a linear format, involve text or still pictures, and give little control of the process to students. Contemporary educational programs are different from traditional ones, in the way they involve sound, video, or animation, and also allow a range of interaction.
Current multimedia applications encourage children's active participation (Randel, Morris, Wetzel, & Whitehill, 1992) , increase motivation (Malouf, 1987 (Malouf, -1988 Okolo, 1992; Ricci, 1994) , and involve a variety of modalities (e.g., vision, sound, and/or tactile) (Baumgart, & Van Walleghem, 1987) . They also provide greater levels of student interactivity and independence through high-interest and self-paced activities (Laszlo & Castro, 1995) . Although interactivity is a highly sought feature of software, high levels are not necessarily more conducive to learning, compared to lower levels of interactivity. Researchers have expressed concerns about overreliance on extrinsic features to attract students and the potential lack of attention to sound instructional design (Christensen & Gerber, 1990) . Students with cognitive disabilities may fail to focus on critical information when excessive stimulation is present. Among studies on multimedia use, few involved students with disabilities.
The studies in which individuals with disabilities were involved used various multimedia formats for instruction. These included simulation (Mechling & Gast, 2003; Wissick, Lloyd, & Kinzie, 1992) , games (Bahr & Rieth, 1989; Dattilo, Guerin, Cory, & Williams, 2001; Howard, Greyrose, Kehr, Espinosa, & Beckwith, 1996; Wilson et al., 1996) , and drill and practice (Boone, Higgins, Notari, & Stump, 1996; Heimann, Nelson, Tjus, & Gillberg, 1995) . The content areas of the programs were mathematics (Bahr & Rieth; Christensen & Gerber, 1990; Okolo, 1992; Okolo, Hinsey, & Yousefian, 1990; Wilson et al.) , leisure related skills (Dattilo et al.) , functional shopping (Ayres & Langone, 2002; Mechling & Gast; Wissick et al.) , or literacy skills (Boone et al.; Heimann et al.; Malouf, 1987 Malouf, -1988 . The studies show that students with disabilities can learn through a variety of multimedia computer programs.
Many computer programs have been developed to teach reading and reading readiness skills. Reading is essential for a child or an adult to be independent in a society, and early childhood ages are critical for the development of reading (IRA & NAEYC, 1998) . Sight word reading is a survival skill (Bos & Vaughn, 1998) , and assists students with disabilities to be independent and safe in an inclusive community (Brewer, White, & Brand, 1991 -1992 . Sight word instruction regained attention because of the increasing number of students with disabilities in general education classrooms (Browder & Xin, 1998) . Although some educators propose that children learn to read and write through ample interaction with meaningful and authentic environments, an extensive review indicates that this approach seemed to have weaker effects for children at risk (e.g., children with a disability or disadvantaged children) (Stahl, McKena, & Pagnucco, 1994) . In other words, young children or children at risk should be taught with explicit skills instruction. Unfortunately, students with disabilities are likely to have less direct instruction and repeated practice in a general education than in a special education classroom. Computer programs can be valuable tools to teach and to provide practice of new vocabularies or concepts in a general education classroom. They could also save teachers' instructional and preparation time.
In an effort to find the most effective strategies for teaching reading, researchers examined a variety of systematic prompting procedures. Several effective teaching strategies include: constant or a progressive time delay, simultaneous prompting, system of least prompt, or stimulus fading procedure. Among the procedures, the constant time delay procedure has been shown to be the most effective and efficient (Browder & Xin, 1998) . Efficient instruction produces rapid learning, more generalized performance, and acquisition of nontarget behaviors (i.e., incidental learning information), and facilitates future learning (Wolery, Doyle, Ault, Gast, Meyer, & Stinson, 1991) . Researchers found that students with mild to moderate disabilities learned extra information presented in an antecedent or a consequence event without a contingency for the acquisition. In addition, the presentation of extra information did not interfere with the instruction of target behaviors (Doyle, Gast, Wolery, Ault, & Farmer, 1990; Gast, Doyle, Wolery, Ault, & Kolenda, 1994; Keel & Gast, 1992) . Nevertheless, the acquisition of extra information presented in a computer program has not been examined.
The No Child Left Behind Act acknowledges the potential of technology and promotes the purchase of software to support reading instruction (The Special Edge, 2003) . Although there are a number of computer programs for reading instruction, only a few have been empirically validated (Boone et al., 1996; Torgesen, Waters, Cohen, & Torgesen, 1988) . Given that technology is widely used to teach children with disabilities and that there is little documented evidence on its effect, this study sought to examine the effectiveness of a computer program for young children with developmental disabilities. The program was developed based on a constant-time-delay teaching procedure and involved animations and video segments from children's cartoons. This study addressed three research questions.
1. Can young child with developmental disabilities learn sight word recognition through a multimedia computer program? 
METHODS

Participants
The participants were four boys with developmental disabilities. They were verbal and ambulatory, and did not have any previous experience with systematic teaching procedures (e.g., a constant-time-delay procedure). All children were identified as potential candidates for participation because the goals in their individualized education plan (IEP) specified the need to improve their reading skills. Each classroom at the school had a minimum of five computers, and all participants were able to operate a mouse to use computer software.
David was a 6-year-old boy with autistic characteristics. David was in a general kindergarten classroom and visited a preschool special education classroom for 30 minutes daily. According to his preschool special education teacher, David still needed minimal special education supports. He had limited social skills and difficulty with taking turns, following rules, and communicating clearly. David did not make direct eye-contact nor initiate any social interaction. He often mumbled or repeated a communication partner's speech. David appeared to enjoy working with computers and was proficient at operating a mouse. At the onset of the investigation, he expressively and receptively identified 10 lower and 8 upper case letters and a few sight words (e.g., push, stop, go, girl, and four).
Jeff was a second grader and received services in a selfcontained special education classroom. He was integrated into a general education class for physical education, music, and counseling. He read all alphabet letters and a few sight words (e.g., color words). During the school year, he demonstrated many challenging behaviors. For example, he used inappropriate language, did not follow directions, and was physically aggressive toward students and teachers. Because of his behaviors, he was suspended from the school three times during the course of this investigation. The classroom teacher used several techniques (e.g., positive reinforcement, punishment, and physical restraint), but they were not effective. He was reevaluated during this investigation and transferred to a psychoeducational center for children with severe behavioral problems shortly after the completion of the study.
Joe was a second grader a special education self-contained classroom. He participated in physical education, art, lunch, and Spanish in a general education classroom. Joe identified all alphabet letters and read few sight words (e.g., it, stop, red). He had difficulty following directions and showed defiant and noncompliant behaviors to adults (e.g., throwing books or chairs or tearing worksheets). He was suspended from the school twice for his behaviors during the investigation, and was referred to a psychoeducational center for students with severe behavioral problems.
Carl received services in a self-contained classroom, and was included in a general education classroom for counseling, physical education, lunch, and music. His teachers indicated that he tried hard to complete tasks although it generally took him a longer time than his classmates. More detailed information on each participant is shown in Table 1 .
Setting and Materials
Two special education classrooms were used, one resource room and one self-contained classroom. Instruction for David, Carl, and Jeff was conducted in a resource room. Joe received instruction in two classrooms, a resource room and his self-contained classroom. All instruction sessions were conducted in a 1:1 instructional arrangement. A portable computer containing the intervention package was connected to a desktop monitor in the resource room. During each session, the participant faced the desktop computer monitor, which was located against a wall. The portable computer was placed beside the monitor. In the self-contained classroom, the participant looked directly at the portable computer monitor. The height of the computer monitor was adjusted to the participant's eye level, and the computer station was equipped with a child-sized chair.
Video segments. Video segments from children's movies or cartoons were inserted into the intervention computer program. They were intended to enhance students' understanding of the word definition. Each video segment was 7 to 15 seconds long and provided definitions or actions of the target words. For example, the narrator of the program said, "the dogs are under the sheep" with a segment that featured dogs under a sheep. The video segments were imported from a variety of movies.
Software. The software needed to develop the computer program included Authorware 5 Attain, Iomega Buz Video, and Adobe Premier. Iomega Buz Video was used to digitalize, and Adobe Premier was used to edit and save video segments as QuickTime Movies. Authorware is a multimedia authoring tool and allows the incorporation of video, audio, and pictures in programs. It also provided various paths based on students' responses and has the function to packages a completed program as a stand-alone program.
Independent Variable
The intervention program, Word Wizard, was developed through a formative evaluation process. Critical features of sound instructional design were identified prior to developing the program based on a review of current literature. During the development process, media experts, classroom teachers, students, and colleagues provided consultation.
At the beginning of a session in the intervention program, the participant's name and selected time interval were entered. After selecting a time interval, the computer presented a screen with a blue background. The participant's attention was gained by making eye contact or through a general attentional cue on the blue screen. When a participant's attention was secured, the teacher or the participant clicked the left mouse button to begin the computer program. The program began with a title (see Figure  1 ) and a direction page. After the title and the direction page, the participant was introduced to a video segment with a verbal description of the segment (see Figure 2) . After a video segment, each participant was presented four choices on a screen with a task direction (i.e., one word being taught and three distractors) (see Figure 3 ). The three distractors included: (a) a nonsense word with the same letters as the target word, (b) a unknown word with the same number of letters and similar spelling as the target word, and (c) an unknown word. The sizes, fonts, and colors of the presented through receptive and expressive reading screening sessions (see Table 2 ). The computer program involved a 5-second constanttime-delay procedure (i.e., CTD). When a task direction (i.e., "Click the word ___") was presented in the intervention program, a participant was given 5 seconds to initiate a response. Five types of responses were possible in the CTD, with each recorded and saved by the computer software.
1. A correct response before a prompt was recorded when a participant clicked a correct word within 5 seconds after a task direction. When the participants performed correct responses before or after a prompt, a target word box moved from the original place to the center of a screen. They also received descriptive verbal praise for every correct response (CRF) (e.g., "Excellent, you clicked the word WALK"). 2. An incorrect response before a prompt was recorded when a participant clicked an incorrect word or did not click any word within 5 seconds after a task direction. The incorrect response resulted in a prompt screen, in which all letters in a target word appeared from outside into a box at the center of a screen in a sequence with a descriptive verbal prompt (i.e., "W, A, L, K. This is the word WALK.") (see Figure 4) . The participant was given a second chance to identify the correct word after the prompt. 3. A correct response after the prompt was recorded when a participant identified a target word within 5 seconds after the prompt. 4. An incorrect response after a prompt was recorded when a participant clicked an incorrect word within 5 seconds after a prompt. 5. A last possible response is a no-response, which was recorded when a participant did not click any word within 5 seconds after a prompt. Incorrect or no responses after a prompt resulted in the disappearance of the distractors, leaving the target word on the screen with a descriptive verbal prompt (e.g., "This is the word WALK"). After the delivery of a consequence, a screen words and backgrounds in the program were varied. The target words were selected from Dolch word lists and high frequency words lists in the school district. In addition, the participants' IEPs were reviewed, and consultation with the teachers was conducted. The target words were identified 
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with a gray background was presented for 2 seconds and served as an intertrial interval period.
Experimental Design
A multiple probe design across four word sets, replicated by four participants, (Tawney & Gast, 1984) was used to evaluate the effectiveness of the computer program for teaching sight word recognition. In this design, a participant's baseline levels of the target behaviors are collected for a minimum of three data points across three days. When the performance on a target behavior in Probe 1 is stable, an intervention is introduced to the first target set while the participant does not receive any instruction on other target behaviors. When the participant reaches the criterion (i.e., 100% accuracy for three consecutive sessions) for the first word set, a second full probe condition (i.e., Probe 2) is introduced to measure the performance on all word sets. After Probe 2, an intervention is introduced only to the second word set. Experimental control is established when the performance of each target behavior improves only when the intervention is introduced and the performance of untaught target behavior remains at a stable baseline level. The introduction of intervention in a staggered manner controls threats to internal validity related to maturation, testing, and history. The threat of instrumentation is also controlled through collection of observer reliability data.
Four different types of computer programs were developed for the investigation: (a) an intervention program, (b) a history training program, (c) a full probe program, and (d) a daily probe program. Table 3 summarizes different conditions and programs in this study. The format in the history-training program was the same as the intervention program except that the students worked on the known letters or words. The history program was developed to provide participants with instruction relevant to operating the instructional program. The full and daily probe programs were developed to assess the participants' acquisition of the target words.
Generalization Procedures
Generalization to functional materials (i.e., storybooks) was pre and post tested. During the word reading sessions, the participant was presented with storybooks that contained the target words. The pictures on a page were discussed with the participant. Then, a target word on a page was pointed out, and the participant was asked, "what word is this?" One session consisted of eight trials, one trial for each target word. A correct response was recorded when a participant correctly responded within 5 seconds after a task direction. An incorrect response was recorded when a participant did not correctly perform a task direction within 5 seconds after a task direction. No response was recorded when a participant did not respond within 5 seconds after a task direction. General verbal praise was delivered for correct responses on known items. The inter-trial interval was 1-3 seconds.
Generalization across materials and modes (e.g., word reading) was examined in each full probe condition. The participants were requested to circle a correct word on a worksheet to evaluate the transfer across materials. At the beginning of each trial, once attention was gained, the participant was provided a task direction (e.g., "circle the word EXIT."), and asked to identify his target words. Generalization across modes was examined with index cards. At the beginning of each trial, after securing attention, the participant was presented a target word on an index card and was asked, "What word is this?" The procedures and response definitions were the same as the ones in the generalization to functional materials condition.
Incidental Learning Probe Procedures
Incidental learning probes were conducted to examine whether the participants learned the word definitions through the video segments. During an incidental learning probe session, a target word in black lower case letters on an index card (3 by 5 inch) was presented at the participant's eye level. Immediately after a word reading trial with an index card or storybook, the participant was asked, "What does this mean?" Correct answers were recorded (a) when a participant made a reasonable sentence with the target word that showed the participant's understanding (e.g., "it is like reading a book."), (b) when the participant pointed to an object that indicated the target word (e.g., tree, door, or drink), or (c) when a participant showed an appropriate gesture (e.g., drinking). A 5-second wait time was inserted for a participant to initiate a response and a 10-second wait time was given to complete the response. When a participant did not identify the definition, the receptive definition of the word was examined (i.e., "put the pen ON your head," "where is the TREE?" or "put this pencil UNDER the table."). The response definitions and consequences were the same as the ones in the generalization conditions. daily probe, and instructional sessions. The observer stood or sat behind the participants, recording the participants' responses (i.e., dependent variables) and examining the operation of the computer program (i.e., procedural reliability). The interobserver reliability was calculated by the point-by-point method of dividing the researcher and observer agreements by the number of agreements plus disagreements, multiplied by 100 (Cooper, Heron, & Heward. 1987) . Interobserver agreement on dependent variables averaged 98.7 percent (range=88.8-100%). Procedural reliability was simultaneously collected with the interobserver reliability for 20 percent of all instructional sessions across all participants and conditions. The procedural reliability was calculated by dividing the number of correct behaviors performed by the number of planned behaviors and multiplying by 100
Full and Daily Probe Procedures
A full or a daily probe session was delivered through the computer program. A probe trial began with the presentation of four word cards (i.e., one target and three distractors), which was similar to the intervention program ( see Figure 3) . With the presentation of word cards, the computer delivered an audible task direction (i.e., "click the word THREE."). Each participant's responses during full and daily probe sessions and the length of each session were automatically recorded and saved by the computer. Two-and four-month follow-up data were collected after the completion of Probe 5.
Reliability
Reliability data on dependent variables were collected by a trained observer for 20% of all sessions across full probe, (Billingsley, White, & Munson, 1980) . Mean procedural reliability was 99.8 percent (range=97-100%). The operation of the computer program was checked prior to each computer session, and each session was observed to ensure that the computer program ran properly.
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FINDINGS
Graphed data for each participant provided evidence that the intervention program was effective in teaching sight words to four students with disabilities (See Figures 5 to 8) . Follow-up data were available for two students. Findings for each participant follow.
David
In a full or a daily probe session, each participant had a 25 % chance to select a correct answer by guessing. Figure 5 shows that David successfully learned all word sets taught through the computer program. During full probe conditions prior to intervention, his correct responses ranged from 0 % to 50 %, however, on average, his performance remained under the chance level. Visual inspection of the data indicates an accelerating trend immediately after intervention for each word set. Specifically, he performed 100 % correct responses on Set 2 immediately after the introduction of the intervention program. David maintained his performance on the first and second word set (i.e., 100% correct responses) and decreased the performance for Set 3 (75%) and Set 4 (50%) at the 2-month follow-up session. His performance on Set 2 and 4 decreased further at the 4-month follow-up session.
Jeff
Jeff 's performance improved immediately after the introduction of the computer program for all word sets (see Figure 6 ). He only required five instructional sessions to reach the criteria for the first word set. In Probe 2, he increased the percentage of the correct responses on Set 3 above the chance level (16.6% to 41.6%). He correctly selected a word (i.e., 
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Carl
Carl reached the criterion for all sets after the introduction of the intervention program (Please see Figure 7 ). The computer program was modified during the instruction of Set 4. Carl performed at 100 percent accuracy for six instructional sessions (i.e., Session 47 to 52) with the intervention program although he struggled during daily probe sessions. During instructional sessions, Carl repeated to himself the first and last letter (i.e., 'e' and 'r') and was able to identify the target word (i.e., 'enter'). The intervention program does not have any distractors with a beginning letter of 'e' and an ending letter with 'r,' but the probe program had one ('etner'). Carl consistently selected either the target word or the distractor during the probe sessions. One distractor 'entre' was changed to 'etner' in the intervention program. After the modification, Carl was able to differentiate between 'enter' and 'etner' in six instructional sessions after the modification. Carl demonstrated low correct responding for Set 1 and Set 3 (50%) at the 2-month follow-up session. At the 4-month follow-up session, he maintained 100 % accuracy for Set 1 and 75 % for Set 2, 3, and 4.
"five") for five of six trials, and showed no recognition for the second word (i.e., "girl") in the set during Probe 2. Immediately after Probe 2, a letter was sent to the participants' special education teachers. The letter was to remind them of the purpose of the investigation and to ask the teachers to avoid direct instruction of the target words. The teachers were also requested to share this information with the general education teachers who worked with the participants.
Jeff displayed significant behavioral problems from the beginning of the school year. He had a school suspension coinciding with the instruction on Set 1, Set 2, and Set 4. Additionally, sessions could not be delivered for three instructional days. The decision not to begin a session was made through professional judgment and in consultation with the classroom teacher. For example, a session was not conducted when he had behavioral problems prior to a session, and the teacher recommended not conducting a session. Jeff learned all target words at an average of 5.2 sessions. Follow-up data could not be collected because he was transferred to another school after the investigation. program. The procedure was adjusted, so that all buttons indicated a 5-second delay. This procedure allowed the participant to choose a button, which he frequently requested. The choice was given beginning with Session 32 and continued throughout the investigation thereafter. His behaviors did not improve after the modification.
Second, several different types of potential reinforcers were introduced. Joe was provided a menu of potential reinforcers beginning with Session 41, and was cooperative for several sessions afterward. However, the reinforcers satiated quickly, and his behavior problems persisted.
Finally, the feasibility of using a monetary reward (i.e., a quarter) for his attending behaviors was discussed with his special education teacher, the school principal, and Joe's parents. On their approval, Joe received a quarter ($0.25) at the end of a session for his cooperative behavior beginning with Session 45. While his behaviors improved with the use of the monetary reward, his inappropriate behaviors were not eliminated completely. Beginning with Session 58, the sessions were conducted at an alternative time rather than pulling him out of a preferred activity, and his behaviors improved.
Joe
Joe exhibited a rapid learning trend for the first and second word sets (see Figure 8) . However, he started to display noncompliant behaviors during the instruction of Set 3 and was suspended from the school twice for behaviors unrelated to this research. He frequently refused to sit on a chair, to pay attention to the task, or to respond to a task direction from the computer. He also mentioned that he would click on the "fake" words (i.e., distractors), and randomly clicked the mouse. His performance on the known items during a probe condition (i.e., a range of 79.1% to 91.7% correct responses) indicated that Joe did not pay attention to the computer program and randomly responded to task directives. Nine sessions were terminated early during the instruction of Set 3 because of his uncooperative behaviors. A session was terminated when Joe did not follow adults' redirections three times or more during a session, and a new session was introduced on the next instructional day.
The research procedures were modified to improve Joe's behaviors and attention to task. First, in the original procedure, the teacher clicked the 5-second delay among the 3-, 5-, and 7-second delay buttons in the intervention 
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Generalization and Incidental Learning Data
The participants discriminated the majority of the target words on a paper-and-pencil worksheet after instruction. They also read the target words on index cards and storybooks. Table 4 , 5, and 6 show the participants' performance during generalization and incidental learning sessions.
DISCUSSION
The multimedia computer program embedded with a CTD procedure was effective in teaching sight words to young children. David spent an average of 24 minutes and 36 seconds, and Jeff spent 25 minutes and 32 seconds of instructional time to learn the target words. The participants also generalized their knowledge across materials and acquired incidental information. Social validity of the goals, procedures, and effects were examined through a survey and interview with teachers. A questionnaire administered to teachers and paraprofessionals, indicated that they strongly supported the appropriateness of the computer program and the importance of the target words.
The results of the study raise several issues to be discussed. First, the visual analysis of the data demonstrates that the participants' performances were not consistent across daily probe sessions. Jeff showed only 25 % accuracy on Set 2 immediately after he reached the criteria for the set (i.e., Probe 3). The inconsistency may be explained by his lack of attention during the task. In teacher-directed instruction (TDI), a teacher can ensure that a participant pays attention to the task while in this study the participant's attention was gained only at the beginning of a session. In addition, the computer program did not require an active attentional response from the participants. Occasionally, the participants had a blank look at the computer screen without paying attention or responding to a task direction. Although redirection was provided as needed, it was mainly the participant's responsibility to maintain attention to the task. Previous research supports that students with disabilities perform better when an active attentional response is maintained (Barbetta, Heron, & Heward, 1993) and specific attentional cues are provided (Schoen & Ogden, 1995) . Future research needs to explore the effects of active attentional responses or specific cues built in a computer program.
David was the first one to acquire all target words although he was the youngest among the participants. He had autistic-like characteristics and a particular interest in computer programs. He was also attentive to the computer program. The participants with autism in Heimann et al. (1995) also showed the highest improvement among three groups of students (i.e., students without disabilities, with autism, or with multiple disabilities) and were the only group who significantly increased positive communicative behaviors. It is plausible to suggest that computer programs are valuable tools particularly for students with characteristics such as David's. More research should be conducted to support this statement.
Participants' problematic behaviors while engaging in CAI have been also reported in the literature. Stevens and colleagues reported that CAI was effective in teaching four participants and failed with one participant (Stevens, Blackhurst, & Slaton, 1991) . According to the researchers, one participant exhibited frequent noncompliant behaviors and was removed from the study. In the current investigation, Joe displayed similar behaviors. He required numerous sessions (i.e., 28 sessions) and excessive time (158 minutes 42 seconds) to acquire the words in Set 3 because of noncompliant and uncooperative behaviors. The data on the interspersed known items revealed that he did not maintain 100% correct responses during full probe conditions (range = 79.1% to 100%). He also made negative comments toward 15 1  0  0  50  75  50  2  0  0  100  100  100  3  0  0  100  100  4  0  0  100  Carl  1  0  75  0  50  50  2  0  0  100  100  100  3  0  0  100  0  4  0  0  7 5  Jeff  1  0  100  100  100  100  2  0  25  75  100  100  3  0  100  100  100  4  0  0  100  Joe  1  0  100  100  100  100  2  0  25  0  100  100  3  0  0  100  100  4 0 0 1 0 0
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himself (e.g., "I am stupid," or "I am in a bad class.") or the intervention program (e.g., "I hate the stupid voice," or "I will click the fake word.") during the instruction of Set 3. On a daily basis, Joe worked with commercial computer programs in his classroom without adult supervision. His experience with the commercial programs might have affected his performance on the intervention program. It was observed that Joe did not remain in one program more than two or three minutes, and attended to extraneous features (e.g., animations or sounds) rather than the content of a program. Similar behaviors were also exhibited by one participant in Christensen and Gerber's study (1990) . Unlike a commercial program, the intervention program demanded Joe to follow directions, and provided limits to his behaviors. It also did not provide the same level of visual attraction as the commercial computer programs because the intervention program was deliberately designed to contain limited animations, colors, and graphics. Joe's example suggests that teachers should carefully observe and facilitate students' interaction with computer programs and integrate the content into curriculum. Furthermore, the best fit between students and computer programs should be carefully examined. For example, students with high distractibility should not be presented with programs with excessive animations, graphics, and/or sounds. When features in a computer program meet the needs of students, they can be powerful.
The concept of universal design for learning (UDL) emphasizes that students have individual differences, and instruction should embrace the differences. Reportedly, digital multimedia programs support UDL because they are versatile and flexible (Rose, 2000) . However, multimedia do not inherently provide UDL, which can be achieved only by appropriate instructional design. The change in a student's performance is the result of instruction (i.e., instructional design), not the use of the media per se (Clark, 1985) . Teachers provide flexible instruction by changing the speed of lessons or correcting errors immediately and differently (Wilson et al., 1996) . However, it may not be feasible in computer programs unless the flexibility is planned and embedded. The current intervention program was modified to meet the needs of the participants, but further modifications did not occur because of the limited flexibility of the program.
Computer programs should be designed to accommodate individual students' needs and to minimize the weaknesses of CAI by providing a variety of built-in variables. The variables that computer programs are suggested to offer are (a) the number of or the difficulty levels of questions that students need to answer, (b) different error correction procedures, (c) a variety of consequences, (d) speed demands, (e) different antecedent events (e.g., specific attentional cue or active attentional responses), or (f) the availability of sound.
There have been a few studies that used a computer program to teach reading related skills to young children with disabilities (Baumgart & Van Walleghem, 1987; Boone et al., 1996; Farmer, Klein, & Bryson, 1992) . This study expands the literature on reading instruction using computers and a time delay procedure. The findings of this study are also noteworthy because young children with disabilities could generalize the target skills to storybooks and acquire extra information presented in CAI. Although this investigation has limited external validity because of the small number of participants, external validity was expanded to an extent when intervention effects were replicated across four participants.
Suggestions for Future Research
This investigation provides several areas for future research. First, the relationship between individual differences (e.g., physical differences, cognitive levels, or learning styles) and the effectiveness of a computer program needs to be further examined. Additionally, future researchers should use a computer program with a number of built-in variables and instructional designs (e.g., correction procedures or demands for an attentional response) and explore the impact of various variables on the performance of students with disabilities.
Second, future research should evaluate the effectiveness of CAI in a natural environment. With the increased interest in inclusion and budgetary pressures, students with disabilities are more likely to stay in a general education classroom, where they usually work in a group. Instruction in a group format may have different effects on individuals' learning. A variety of small group formats can be introduced. A group member can serve as a peer tutor (Koury & Browder, 1986) , or a group may work collaboratively toward a goal or take turns working with a computer program. Future research should also explore teachers' roles and levels of participation and its impact on the effectiveness of CAI. A teacher may not need to present a lesson at all, work as a facilitator, or lead a session in CAI. The relationships among individual differences, teachers' roles, and lesson objectives need to be evaluated.
Limitations of the Study
Several limitations of this study should be discussed. First, maintenance across time for all participants was not measured. As in many applied intervention studies, the real world of school calendars hindered the ability of researchers to truly test maintenance and determine the level of support needed to maintain the effects of specific interventions. In addition, the nature of the program had its own limitations, which impacted participants' motivation to learn the material once the initial novelty wore off. It also should be noted that the results of this investigation were impacted by the participants' significant behavioral problems. Finally, it should be noted that this intervention was not successful for one student in the original study. Beth was a second-grade girl with Williams syndrome. She had the diagnosis of ADHD and the lowest IQ score among the participants. Beth was originally included as one of the five participants. However, her participation was terminated because the program was not effective. For a detailed description of her particular results please see Lee (2001) .
CONCLUSION
This study showed that young children with disabilities can learn word recognition and transfer acquired skills to functional materials (i.e., story book). This investigation also extends the current literature by evaluating the effects of CAI on incidental learning (i.e., reading on an index card). The use and interest in computer programs is greater than ever in general and special education classrooms. With the explosion of development on new technologies, continued research is essential.
